The Jurassic (Pliensbachian to Kimmeridgian) palynology of the Algarve Basin and

the Carrapateira outlier, southern Portugal by Borges, Marisa E.N. et al.
 1 
The Jurassic (Pliensbachian to Kimmeridgian) palynology of the Algarve Basin and the 1 
Carrapateira outlier, southern Portugal 2 
 3 
Marisa E.N. Borges a,b, James B. Riding c*, Paulo Fernandes a, Zélia Pereira b 4 
 5 
a CIMA - Centro de Investigação Marinha e Ambiental. Universidade do Algarve, 6 
Campus de Gambelas, 8005-139 Faro, Portugal 7 
b LNEG-LGM, Rua da Amieira, 4465-965 S. Mamede Infesta, Portugal 8 
c British Geological Survey, Kingsley Dunham Centre, Keyworth, Nottingham NG12 9 
5GG, UK 10 
 11 
* Corresponding author. Tel.: +44(0)115 9363447. 12 
E-mail addresses: marisa.borges@ineti.pt (M.E.N. Borges), jbri@bgs.ac.uk (J.B. 13 
Riding), pfernandes@ualg.pt (P. Fernandes), zelia.pereira@ineti.pt (Z. Pereira). 14 
 15 
ABSTRACT 16 
 The palynology of the Jurassic (Upper Pliensbachian to Lower Kimmeridgian) 17 
fill of the Algarve Basin and the Carrapateira outlier, southern Portugal was 18 
investigated. Samples were collected from Armação Nova Bay, Mareta Beach, Cilheta 19 
Beach and the Carrapateira outlier. At Armação Nova Bay the Upper Pliensbachian-20 
Lower Toarcian succession proved barren, or yielded sparse, non age-diagnostic 21 
palynomorphs. Dinoflagellate cysts are confined to the Upper Bajocian to Upper 22 
Callovian sedimentary rocks exposed at Mareta and Cilheta beaches and the Lower 23 
Kimmeridgian strata of the Carrapateira outlier. At Mareta Beach, the Upper Bajocian, 24 
Bathonian and Callovian produced relatively low to moderate diversity dinoflagellate 25 
cyst assemblages. Several key bioevents confirm the Bathonian and Callovian ages of 26 
the succession; no age-significant Late Bajocian bioevents were noted. The Upper 27 
Callovian of Cilheta Beach yielded moderately diverse dinoflagellate cyst associations 28 
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dominated by Ctenidodinium spp. Key Late Callovian bioevents confirm the age of this 29 
succession. Many familiar marker forms known from northwest Europe were not 30 
encountered. No typically Arctic forms were recovered throughout the Upper Bajocian 31 
to Callovian of this part of the Algarve Basin. It is clear that there was no significant 32 
Late Bajocian to Late Callovian dinoflagellate cyst provincialism within southern and 33 
northern Europe and adjacent regions. The Carrapateira outlier yielded a moderately 34 
diverse Early Kimmeridgian dinoflagellate cyst flora. The Early Kimmeridgian age 35 
assessment based on corals and foraminifera is confirmed. Amphorula and Histiophora 36 
are present; these are typical of the Late Jurassic of the Tethyan Realm, and their 37 
presence is consistent with Late Jurassic provincialism within Europe. The relatively 38 
low diversity nature of these Late Bajocian to Lower Kimmeridgian dinoflagellate cyst 39 
floras is probably mainly due to the relatively deep water, partially enclosed 40 
depositional setting. The partially enclosed nature of this part of the Algarve Basin and 41 
the Carrapateira outlier seems to have prevented the free migration of dinoflagellates 42 
between southern Portugal and elsewhere in Europe. 43 
 44 
Keywords: biostratigraphy; palynology; Jurassic; Algarve Basin; Carrapateira outlier; 45 
Portugal 46 
 47 
1. Introduction 48 
 49 
 The Algarve Basin is an important Mesozoic depocentre in southern Portugal 50 
(Fig. 1). It is located south of the Palaeozoic-dominated “Serra Algarvia” and mainly 51 
comprises Jurassic and Lower Cretaceous limestones. This maritime region is locally 52 
known as the ‘Barrocal’ and the carbonate-dominated lithologies have given rise to 53 
gentle karst topography with west-east aligned fold axes and faults. The basin extends 54 
from Cape Saint Vincent in the west to the Guadiana River on the Portuguese-Spanish 55 
border in the east (Fig. 1). In the western part of the basin, the Upper Triassic, Jurassic 56 
and Lower Cretaceous succession is superbly exposed in sea cliffs between Cape Saint 57 
Vincent and Lagos. The Jurassic outcrops of the Carrapateira outlier, located around 20 58 
km north of Sagres (Fig. 1), represent a northerly extension of the Algarve Basin. 59 
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 This sedimentary basin was initiated by rifting associated with the opening of 60 
the North and Central Atlantic Ocean, following the breakup of Pangea. However, due 61 
to its location, the Algarve Basin was also influenced by the formation of the Neo-62 
Tethys Ocean. The evidence for a Tethyan influence is largely from the dominance of 63 
sub-Mediterranean Late Pliensbachian to Tithonian ammonite faunas (Rocha, 1976). 64 
Typically boreal ammonites (Amaltheidea) did migrate southwards into the Algarve 65 
Basin during the Late Pliensbachian, however they never became dominant (Rocha, 66 
1976). Furthermore, Late Sinemurian benthic foraminifera with Tethyan affinities 67 
represent further evidence that the Algarve Basin was part of the Tethyan Realm during 68 
the Early Jurassic (Azerêdo et al., 2003). 69 
 Short term compressional phases within the broad extensional framework 70 
occurred during the Jurassic in the Algarve Basin (Terrinha et al., 2002). These tectonic 71 
events may have at least partially isolated the basin thereby preventing the mixing of 72 
Tethyan and boreal faunas, especially during the Toarcian-Aalenian and the Callovian-73 
Oxfordian intervals. The Algarve Basin thus straddled the Tethyan and boreal 74 
palaeogeographical realms, making it an extremely important depocentre in terms of the 75 
Jurassic biogeography in Western Europe. 76 
 Lateral facies changes across the Algarve Basin, allow its division into the 77 
Western (Sagres), the Budens-Lagoa, and the Eastern (Faro) subbasins (Manuppella et 78 
al., 1988; Fig. 1). These relatively small depocentres are separated by major regional 79 
faults which were probably active during deposition. Sedimentation in the Algarve 80 
Basin commenced with Upper Triassic continental red beds and evaporites which 81 
unconformably overlie Upper Palaeozoic strata (Palain, 1976). These Upper Triassic 82 
strata are overlain by Early Jurassic (Hettangian) volcanic rocks associated with the 83 
Central Atlantic Magmatic Province (CAMP). Following this important magmatic 84 
event, Sinemurian to Tithonian marine carbonate sedimentation became well-85 
established across the Algarve basin. The dominant lithofacies are shallow water 86 
limestones and cycles of pelagic marls and limestones. The Lower Cretaceous is 87 
represented by a mixed clastic and carbonate succession, deposited in nearshore and 88 
terrestrial settings (Rey, 2006). During the Late Cretaceous, a major basin inversion 89 
event occurred, related to Alpine tectonism and the emplacement of the Late Cretaceous 90 
(Campanian, ca. 72 Ma) syenite of Monchique into Upper Palaeozoic strata (Terrinha et 91 
al., 2002; Miranda et al., 2009). Therefore, no Upper Cretaceous strata are present in the 92 
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Algarve Basin. Sedimentation resumed during the Miocene with bioclastic limestones 93 
which unconformably overlie the Jurassic and Lower Cretaceous succession. 94 
 Palynological studies of the Mesozoic of the Algarve Basin are largely on the 95 
Lower Cretaceous (e.g. Berthou and Leereveld, 1990; Heimhofer et al., 2003; 2007). 96 
There are only two published reports of Jurassic palynomorphs from the Algarve Basin. 97 
The first was Fechner (1989), on the Lower Jurassic salt diapir at Loulé; the second is a 98 
brief description of the Middle Jurassic palynofloras of Mareta Beach by Oliveira et al. 99 
(2009). The present contribution is a preliminary account of the Pliensbachian to 100 
Kimmeridgian palynology of the Algarve Basin near Sagres and in the Carrapateira 101 
outlier. Davies (1985), Mohr and Schmidt (1988), Smelror et al. (1991), Smelror 102 
(1993), Bucefalo Palliani and Riding (1999; 2003) and Oliveira et al. (2007) 103 
documented the Sinemurian to Kimmeridgian palynology of the Lusitanian Basin, west-104 
central Portugal. 105 
 106 
2. Geological background 107 
 108 
 The Sagres region is the reference area for the Mesozoic fill of the Western 109 
subbasin. Jurassic strata outcrop spectacularly in the cliffs between Cape Saint Vincent 110 
and Mareta Bay (Fig. 2). The Jurassic stratigraphy and palaeontology of the Sagres area 111 
was described by Choffat (1887) and Rocha (1976). 112 
 The Lower Jurassic is well-represented at Cape Saint Vincent and Armação 113 
Nova (Fig. 2). At Cape Saint Vincent, an extensive (>30 m) ?Sinemurian to Lower 114 
Pliensbachian carbonate-dominated succession is organic-lean, probably due to the 115 
intensely dolomitised nature of these beds. A well-exposed Lower Toarcian succession 116 
approximately 35 m thick occurs at Armação Nova Bay, 1 km northeast of Cape Saint 117 
Vincent (Fig. 2). The base consists of intensely dolomitised limestones, of probable 118 
Late Pliensbachian age, passing upwards to interbedded marls and bioclastic limestones 119 
(Fig. 3). The bases of the limestone beds exhibit normal grading, longitudinal scours 120 
and flute casts, and the tops are rich in Zoophycos traces. The scour casts and the 121 
bioclastic character of the limestone beds suggest that they represent turbidites, however 122 
evidence of bioturbation mitigates against this interpretation. 123 
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 Middle Jurassic strata are well exposed at Mareta Bay (Figs. 2, 4). The base of 124 
the succession consists of coral bioherms with karstified tops. There are no marker 125 
fossils in the bioherms; however the karst cavities are filled and covered by Upper 126 
Bajocian bioclastic limestones and Middle Bathonian marls. This indicates that the 127 
karstification was pre-Late Bajocian, and that the bioherms are therefore of Aalenian to 128 
Early Bajocian age. At beach level there is a conglomerate which overlies the bioherms. 129 
This is dominated by limestone clasts and these include clasts of the bioherms. The 130 
conglomerate is coeval with the palaeokarstification event, and exhibits lateral thickness 131 
changes. Overlying the conglomerate is a ca. 8 m thick succession of Upper Bajocian 132 
limestones with Zoophycos (see Rocha, 1976). The youngest strata are a 120 m thick 133 
succession of grey marls that grade into marly limestones which have been affected by 134 
several slump events (Fig. 4). Ammonite faunas indicate a Callovian age (Rocha, 1976). 135 
 Following the deposition of the Callovian strata a tectonic event, observed 136 
throughout Iberia, folded the Middle Jurassic succession. This is observed at Cilheta 137 
Beach, where Upper Jurassic limestones rest unconformably on gently-folded Callovian 138 
marly limestones and marls (Figs. 2, 5). Above the unconformity is a highly 139 
fossiliferous matrix-supported conglomerate with ammonites indicative of the Middle 140 
Oxfordian Plicatilis Chronozone. This bed is overlain by 200 m of Upper Jurassic 141 
interbedded limestones, marls and dolomite (Fig. 5). 142 
 The Carrapateira outlier is located around 20 km north of Sagres, and preserves 143 
an Upper Triassic to Upper Jurassic succession which is closely genetically related to 144 
the fill of the Algarve Basin. The base of this succession outcrops at the northern part of 145 
Amado Beach and consists of Upper Triassic-Lower Jurassic red fluviatile sandstones 146 
and claystones that grade into limestones (Figs. 2, 6). These Lower and Middle Jurassic 147 
limestones are strongly dolomitised and have proved devoid of palynomorphs. 148 
However, the 50 m of Upper Jurassic interbedded limestones and marls at Três Angras 149 
is undolomitised (Ribeiro et al., 1987). Bioclastic limestones and conglomerates pass 150 
into interbedded marls and limestones (Fig. 6). The uppermost limestone beds are rich 151 
in macrofossils including well-preserved corals in life position. The macrofauna 152 
indicates an Early Kimmeridgian age (Ribeiro et al., 1987). 153 
 154 
 155 
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3. Material and methods 156 
 157 
 All the samples in this study were collected from outcrops at Armação Nova 158 
Bay, Mareta Beach, Cilheta Beach and the Carrapateira outlier (Figs. 2-6). They were 159 
prepared using standard palynological processing techniques involving acid digestion 160 
(Wood et al., 1996). The organic residue was sieved using a 15 µm mesh sieve and the 161 
palynomorph concentrates were mounted on slides using Entellan® resin. All sample 162 
materials, slides and figured specimens are housed in the collections of the LGM/LNEG 163 
(Portugese Geological Survey), S. Mamede Infesta, Portugal. 164 
 165 
4. Palynology 166 
 167 
 Palynomorphs from Lower Jurassic (Upper Pliensbachian-Lower Toarcian), 168 
Middle Jurassic (Upper Bajocian, Bathonian and Callovian) and Upper Jurassic (Lower 169 
Kimmeridgian) strata from four localities in southwest Portugal were studied (Figs. 3-170 
6). The assemblages recovered are described and interpreted in this section. Selected 171 
dinoflagellate cysts are illustrated in Plate 1. The author citations and references 172 
pertaining to the dinoflagellate cysts can be found in Appendices 1 and 2 and Fensome 173 
and Williams (2004) respectively. 174 
 175 
4.1. Armação Nova Bay 176 
 Fourteen samples were collected from the Lower Jurassic outcrops at Armação 177 
Nova Bay, 1 km north east of Cape Saint Vincent (Fig. 3). Note that five samples (A9 178 
through A13) were taken from the marly limestone bed at ca. 27 m. This succession is 179 
considered to be of Late Pliensbachian to Early Toarcian age (Rocha, 1976). These beds 180 
are devoid of palynomorphs due to their highly dolomitic nature and winnowing effects 181 
during deposition. The uppermost beds are less dolomitised and are correlated to the 182 
Tenuicostatum Chronozone (largely the Semicelatum Subchronozone) (Fig. 3). These 183 
samples (A6-A16) proved extremely palynologically sparse. Acanthomorph acritarchs 184 
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(Micrhystridium spp.) and miospores were recorded in extremely low proportions. The 185 
organic residues are dominated by resistant mineral grains and fragments of black 186 
wood. Dinoflagellate cysts proved absent, hence it is not possible to effect comparisons 187 
with the low diversity Late Pliensbachian assemblages recorded from the Lusitanian 188 
Basin by Oliveira et al. (2007). 189 
 190 
4.2. Mareta Beach 191 
 192 
 The coastal cliff exposures at Mareta Beach, south of Sagres (Figs. 1, 2) 193 
represent an important reference section. A composite, sporadically fossiliferous 194 
succession of interbedded limestones and marls >140 m thick is exposed (Fig. 4). This 195 
section was assigned to the Late Bajocian to ?Late Oxfordian/Kimmeridgian by Choffat 196 
(1887) and Rocha (1976). Forty-nine samples were collected from this succession (Fig. 197 
4, Table 1). The palynofloras were briefly described by Oliveira et al. (2009). This 198 
sample set is viewed as preliminary; more samples will be studied in future. 199 
 The palynomorph assemblages are outlined in Table 1. The residues which 200 
proved productive are relatively abundant and include moderately well-preserved 201 
palynomorphs and dark woody phytoclasts. Pollen and spores are consistently the 202 
dominant palynomorph group, with marine microplankton (i.e. acritarchs, dinoflagellate 203 
cysts, foraminiferal test linings and prasinophytes) being subordinate. The miospore 204 
assemblages are relatively consistent throughout this succession and include bisaccate 205 
pollen, Callialasporites dampieri, Callialasporites turbatus, Callialasporites spp., 206 
Classopollis classoides, Cyathidites spp., Ischyosporites variegatus, Leptolepidites spp., 207 
Perinopollenites elatoides and Sestrosporites pseudoalveolatus (Table 1). 208 
 209 
4.2.1 Late Bajocian 210 
 Four samples were studied from the Late Bajocian. Samples M1 and M14 211 
proved barren and virtually devoid of palynomorphs respectively. By contrast, samples 212 
M19 and M15 yielded workable assemblages (Table 1). Sample M19 proved richest in 213 
palynomorphs. Dinoflagellate cysts recognised include Ctenidodinium cornigerum, the 214 
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Ctenidodinium sellwoodii group, Ctenidodinium spp., Korystocysta gochtii, 215 
Korystocysta pachyderma, the Meiourogonyaulax caytonensis group, Pareodinia 216 
ceratophora, Sentusidinium spp., Valensiella ovulum and Valensiella spp. (Table 1). 217 
This low-diversity assemblage is dominated by forms with epicystal archaeopyles. No 218 
exclusively Bajocian markers such as Cribroperidinium crispum, Endoscrinium 219 
asymmetricum of Feist-Burkhardt and Wille (1992) and Meiourogonyaulax valensii 220 
were observed (Woollam and Riding, 1983; Feist-Burkhardt and Wille, 1992; Riding 221 
and Thomas, 1992; Feist-Burkhardt and Monteil, 1997). Furthermore, no taxa with 222 
Bathonian or younger range bases such as Adnatosphaeridium caulleryi, 223 
Meiourogonyaulax reticulata and Sirmiodinium grossii were recorded (Riding, 1987; 224 
Prauss, 1989; Feist-Burkhardt and Wille, 1992; Riding and Thomas, 1992). Hence the 225 
Late Bajocian dinoflagellate cyst assemblage from Mareta Beach cannot provide a 226 
refined age assessment; however, it is consistent with the Late Bajocian-Bathonian 227 
interval due to the presence of forms such as Ctenidodinium cornigerum and 228 
Korystocysta pachyderma (see Prauss, 1989, fig. 49; Riding and Thomas, 1992, fig. 229 
2.10). 230 
 This association, despite the relatively low-diversity, is similar in taxonomic 231 
content to other Late Bajocian marine palynofloras from western Europe (e.g. Prauss, 232 
1989; Feist-Burkhardt and Monteil, 1997). Unsurprisingly, no characteristic boreal taxa 233 
such as Phallocysta thomasii and Valvaeodinium aquilonium were observed. The latter 234 
taxa are presumably coldwater forms which are part of a characteristic assemblage 235 
restricted to northern Europe and the Arctic (Smelror, 1991; Smelror and Below, 1992). 236 
 237 
4.2.2 Bathonian 238 
 Eighteen samples were studied from the Bathonian strata of Mareta Beach. Nine 239 
of these (M3, M4, M6, M7, M8, M9, M13, M10 and M21) produced relatively abundant 240 
palynofloras. The remainder proved either entirely barren or extremely sparse 241 
palynologically. The lowermost productive samples, M3 and M4 are from a prominent 242 
marl bed which overlies the prominent Upper Bajocian calcarenite. This marl was 243 
assigned to the Early Bathonian by Rocha (1976). The distribution of palynomorphs is 244 
illustrated in Table 1. Dinoflagellate cysts recorded include Adnatosphaeridium 245 
caulleryi, Batiacasphaera spp., Ctenidodinium continuum, Ctenidodinium cornigerum, 246 
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the Ctenidodinium sellwoodii group, Ctenidodinium spp., Ellipsoidictyum/Valensiella 247 
group, Epiplosphaera gochtii, Gonyaulacysta jurassica subsp. adecta, Korystocysta 248 
gochtii, Korystocysta pachyderma, Korystocysta spp., the Meiourogonyaulax 249 
caytonensis group, Meiourogonyaulax spp., Mendicodinium groenlandicum, Pareodinia 250 
ceratophora, Sentusidinium spp., Systematophora areolata, Tubotuberella dangeardii 251 
and Valensiella ovulum (Table 1). Forms with epicystal archaeopyles are prominent in 252 
this moderately diverse assemblage. This is typical of the Bathonian Stage of Europe 253 
(Riding et al., 1985; 1991; 1999). More specifically, it is similar in nature to the 254 
Bathonian assemblages reported from the Lusitanian Basin, eastern central Portugal by 255 
Davies (1985, fig. 8) and Smelror et al. (1991, fig. 7). The presence of forms such as 256 
Adnatosphaeridium caulleryi, Ctenidodinium cornigerum, the Ctenidodinium sellwoodii 257 
group, Ctenidodinium spp., the Ellipsoidictyum/Valensiella group, Gonyaulacysta 258 
jurassica subsp. adecta, Korystocysta spp. and Valensiella ovulum is characteristic of 259 
the Bathonian Stage (e.g. Gocht, 1970; Sarjeant, 1976; Fenton et al., 1980; 260 
Taugourdeau-Lantz and Lachkar, 1984; Riding et al., 1985; Prauss, 1989; Riding and 261 
Thomas, 1992). Specifically, the range bases of Adnatosphaeridium caulleryi, 262 
Gonyaulacysta jurassica subsp. adecta, Mendicodinium groenlandicum and 263 
Tubotuberella dangeardii are intra-Early Bathonian (Riding et al., 1985; Prauss, 1989; 264 
Feist-Burkhardt and Wille, 1992). The range top of Ctenidodinium cornigerum is Late 265 
Bathonian (Riding and Thomas, 1992, fig. 2.10). Thus the Bathonian age of these 266 
samples from Mareta Beach is confirmed on dinoflagellate cyst evidence; however the 267 
biostratigraphical resolution is not at the substage level. However, no exclusively 268 
Bathonian markers such as Jansonia manifesta and Meiourogonyaulax reticulata were 269 
recovered (Riding et al., 1991; Riding and Thomas, 1992). 270 
 The presence of Systematophora areolata is interesting; this is the first report of 271 
this species from the Bathonian since that of Bujak and Williams (1977, fig. 2A) from 272 
easetern Canada. By far the majority of reports of this species, and related forms, record 273 
its range base as Early to Middle Oxfordian (e.g. Kunz, 1990; Riding and Thomas, 274 
1997; Riding, 2005). However occasional reports of Systematophora are known from 275 
the Callovian (e.g. Huber et al., 1987; Prauss, 1989). 276 
 Ctenidodinium combazii is prominent in the Bathonian of southern England 277 
(Riding et al., 1985). This distinctive taxon is not widespread, and was not recorded 278 
from Mareta Beach. Riding et al. (1985) contended that the highly-ornamented 279 
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Ctenidodinium combazii preferred stable, open marine conditions and was not tolerant 280 
of environmental fluctuations and stresses. In contrast, less ornamented forms such as 281 
Ctenidodinium sellwoodii and Korystocysta spp. were geographically-widespread and 282 
consequently were more environmentally tolerant. Ctenidodinium combazii appears to 283 
have been restricted to the Bathonian of part of northwest Europe (England, Germany, 284 
France, The Netherlands). It has not been recorded from localities in the Tethyan region 285 
such as Iberia or Israel (Conway, 1978; 1990; Davies, 1983). Hence it is possible that 286 
the distribution of Ctenidodinium combazii was at least partially controlled by latitude. 287 
Smelror et al. (1991, fig. 7) reported this species from the Early Callovian (Herveyi 288 
[previously Macrocephalus] Chronozone) in the Lusitanian Basin, central Portugal. 289 
 As mentioned above, the Bathonian dinoflagellate cyst assemblage from Mareta 290 
Beach is similar to coeval floras from northwest Europe. The Bathonian was a time of 291 
significant provincialism in the Northern Hemisphere (Riding et al., 1999). Boreal 292 
forms such as Evansia perireticulata, Lacrymodinium warrenii, Paragonyaulacysta spp. 293 
and Valvaeodinium thereseae were unsurprisingly not recorded from the Algarve Basin. 294 
The latter taxa are presumed to be cold-loving/Arctic forms (Bailey and Partington, 295 
1991; Smelror and Below, 1992). 296 
 297 
4.2.3 Callovian 298 
 Twenty-seven samples were studied from the Callovian succession exposed at 299 
Mareta Beach. Thirteen of these proved entirely palynologically barren; the remaining 300 
14 samples yielded palynofloras of variable productivity. The productive samples are 301 
overwhelmingly in the Lower and Middle Callovian; by contrast the Upper Callovian 302 
succession proved largely devoid of palynomorphs (Table 1). Samples M25, M27 and 303 
M28 are from a marl-dominated unit, which is considered to be Early Callovian in age, 304 
and was assigned to the Herveyi Chronozone by Rocha (1976). The interbedded 305 
limestones and marls above the stratigraphical break between 37 and 57 m were 306 
assigned to the Middle Callovian (Coronatum Chronozone) by Rocha (1976). The 307 
palynomorph distribution is illustrated in Table 1. The dinoflagellate cysts recorded 308 
include Batiacasphaera spp., Chytroeisphaeridia chytroeides, the Ctenidodinium 309 
sellwoodii group, Ctenidodinium spp., the Ellipsoidictyum/Valensiella group, 310 
Epiplosphaera gochtii, Gonyaulacysta jurassica subsp. adecta, Gonyaulacysta sp., 311 
 11 
Impletosphaeridium spp., Korystocysta gochtii, Korystocysta spp., the 312 
Meiourogonyaulax caytonensis group, Meiourogonyaulax spp., Mendicodinium 313 
groenlandicum, Pareodinia ceratophora, Sentusidinium spp., Systematophora areolata, 314 
Systematophora penicillata, Systematophora spp., Tubotuberella dangeardii, 315 
Tubotuberella spp., Valensiella ovulum and Valensiella spp. (Table 1). Of this 316 
association, the Ctenidodinium sellwoodii group is the most prominent. 317 
 This assemblage is of moderate diversity and is typical of the Callovian of 318 
Europe. The consistent presence of forms such as Ctenidodinium continuum, the 319 
Ctenidodinium sellwoodii group, Gonyaulacysta jurassica subsp. adecta, Korystocysta 320 
gochtii, the Meiourogonyaulax caytonensis group, Meiourogonyaulax spp., 321 
Mendicodinium groenlandicum and Tubotuberella dangeardii is characteristic of the 322 
Callovian Stage (e.g. Prauss, 1989; Riding and Thomas, 1997; Riding, 2005). Smelror 323 
et al. (1991, fig. 7) reported a similar flora with prominent Ctenidodinium sellwoodii 324 
from Cape Mondego in the Lusitanian Basin of central Portugal. 325 
 The Early Callovian (Herveyi Chronozone) samples M25, M26, M27 and M28 326 
lack Early Callovian dinoflagellate cyst markers known from further north in Europe 327 
such as Chytroeisphaeridia hyalina, Ctenidodinium combazii and Impletosphaeridium 328 
varispinosum. Species of Systematophora are present; further north the inception of this 329 
genus is normally within the Oxfordian (see above). Likewise, ?Leptodinium sp. is 330 
present in sample M25; this genus is normally present in Oxfordian and younger strata 331 
(e.g. Riding and Thomas, 1992). Liesbergia liesbergensis was recovered from sample 332 
M27 (Table 1). This species is present from the Middle Callovian-Early Oxfordian 333 
interval (Berger, 1986; Riding and Thomas, 1997). 334 
 The occurrence of Ctenidodinium ornatum in the Middle Callovian sample M47 335 
is potentially significant. This species is typical of the Middle-Upper Callovian of 336 
northwest Europe (Berger, 1986). Endoscrinium asymmetricum was recorded from 337 
sample M47 and questionably in M45 (Table 1). This species is typical of the Early-338 
Middle Callovian interval (Riding, 1987; 2005; Riding and Thomas, 1997). The chorate 339 
taxon Impletosphaeridium varispinosum is confined to sample M48 (Table 1). This is 340 
the first report of this taxon from southern Europe. Elsewhere in northwest Europe, this 341 
species is confined to the Early Callovian (Riley and Fenton, 1982; Riding and Thomas, 342 
1997; Riding, 2005). Sample M47 yielded small proportions of Rhynchodiniopsis? 343 
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regalis (Table 1). This distinctive form is typical of the Bajocian-Bathonian further 344 
north in Europe (e.g. Riding et al., 1985; Feist-Burkhardt and Wille, 1992). The only 345 
occurrence of the genus Wanaea in this study is the record of Wanaea acollaris in 346 
sample M45 (Table 1). This is entirely consistent with a Callovian age (Riding and 347 
Thomas, 1992). The only productive sample in the Upper Callovian, M32, produced a 348 
relatively low diversity flora similar to those from the underlying Middle Callovian 349 
(Table 1). 350 
 Callovian dinoflagellate cyst floras from further north in Europe are normally 351 
markedly higher in diversity than those recorded herein. The majority of Callovian 352 
biomarkers known in northwest Europe are apparently absent in the Algarve Basin. No 353 
unequivocal intra-Callovian markers were recovered from Mareta Beach. These include 354 
the many forms which typically have range bases in the Late Callovian such as 355 
Scriniodinium crystallinum, Trichodinium scarburghensis and Wanaea thysanota (see 356 
Riley and Fenton, 1982; Feist-Burkhardt and Wille, 1992; Riding and Thomas, 1992). 357 
Despite the lack of these biomarkers, the occurrences of Ctenidodinium ornatum 358 
(sample M47), Endoscrinium asymmetricum (M47), Impletosphaeridium varispinosum 359 
(M48) and Wanaea acollaris (M45) is broadly consistent with a Middle Callovian 360 
(Coronatum Chronozone) age. 361 
 The relatively low diversity nature of this dinoflagellate cyst flora was probably 362 
influenced by several factors. The Mareta Beach succession represented relatively deep 363 
water conditions, seaward of reef limestone facies within a highly enclosed basin. 364 
Rocha (1976) envisaged an offshore pelagic setting, possibly with stratified water and 365 
occasional upwelling within a restricted marine environment. The latter interpretation is 366 
not consistent with the palynofacies, which is not typical of highly organic-rich facies 367 
and the occurrence of benthic faunas (largely echinoderms, foraminifera, gastropods, 368 
ostracods and the ichnogenus Zoophycos). The relatively restricted nature of the marine 369 
waters at this locality probably prevented communication with many dinoflagellate 370 
cysts typical of further north in Europe which explains the low-diversity floras. Boreal 371 
taxa such as Evansia dalei, Evansia perireticulata, Paragonyaulacysta calloviensis and 372 
Paragonyaulacysta retiphragmata were not recorded from Mareta Beach. The latter 373 
taxa are cold-loving/Arctic forms (Smelror and Below, 1992; Riding et al., 1999). 374 
 375 
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4.3. Cilheta Beach 376 
 Cilheta lies 1 km west of Sagres, and the cliffs expose a sparsely fossiliferous, 377 
carbonate-dominated succession 41 m thick which has been assigned to the Late 378 
Callovian to the ?Late Oxfordian-Kimmeridgian interval by Rocha (1976) (Fig. 5). At 379 
sea level to 22 m, a unit of marly limestone with two thin (<1.0 m) marly interbeds is 380 
exposed. These beds were deemed to be of Late Callovian (Athleta Zone) age by Rocha 381 
(1976). Eleven samples were taken from this Upper Callovian unit (Fig. 5). The Upper 382 
Callovian is unconformably overlain by a thin (ca. 0.5 m) fossiliferous limestone of 383 
Middle Oxfordian (Plicatilis Chronozone) age (Fig. 5). This unconformity is markedly 384 
angular and extremely prominent (Choffat, 1887; Rocha, 1976, fig. 2.12). It represents a 385 
regional hiatus which can be traced throughout Iberia (Mouterde, 1971). The youngest 386 
unit at Cilheta Beach comprises approximately 20 m of dolomitised limestones of Late 387 
Oxfordian-Kimmeridgian age (Fig. 5). 388 
 The two marl beds in the Upper Callovian succession at Cilheta produced 389 
relatively abundant organic residues which are dominated by dinoflagellate cysts with 390 
subordinate pollen and spores. By contrast, the marly limestones largely proved 391 
palynologically barren (Fig. 5, Table 2). This section proved significantly more 392 
productive than the Upper Callovian samples studied from Mareta Beach (see above). 393 
The dinoflagellate cyst assemblages are moderately well-preserved, and are 394 
overwhelmingly dominated by Ctenidodinium cornigerum, the Ctenidodinium 395 
sellwoodii group, and intermediate morphotypes between these two forms. Other taxa 396 
which are consistently present include Gonyaulacysta jurassica subsp. adecta, 397 
indeterminate chorate cysts, Korystocysta gochtii, Meiourogonyaulax spp., Pareodinia 398 
ceratophora, Sentusidinium spp., Surculosphaeridium? vestitum, Systematophora 399 
areolata and Tubotuberella dangeardii (Table 2). The pollen-spore associations are 400 
relatively sparse, and are of low diversity. These include bisaccate pollen, 401 
Callialasporites dampieri, Callialasporites spp., Classopollis classoides, Cyathidites 402 
spp. and Ischyosporites variegatus (Table 2). 403 
 Late Callovian dinoflagellate cyst assemblages from further north in Europe are 404 
significantly higher in diversity, and typically not dominated by Ctenidodinium (e.g. 405 
Woollam, 1980; Prauss, 1989; Riding and Thomas, 1997). Representatives of the many 406 
taxa with Late Callovian range bases in northwest Europe such as Trichodinium 407 
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scarburghensis are absent (see above). Furthermore, the acme of Mendicodinium 408 
groenlandicum so typical of the Late Callovian of northwest Europe (Woollam, 1980; 409 
Riding and Thomas, 1997) is not present in the Algarve Basin. Nevertheless, the 410 
dinoflagellate cyst associations from Cilheta Beach are indicative of a Callovian age. 411 
Gonyaulacysta jurassica subsp. adecta, Korystocysta spp., Meiourogonyaulax 412 
caytonensis and Tubotuberella dangeardii are highly characteristic of the Callovian 413 
Stage (Riding and Thomas, 1992; Riding, 2005). As at Mareta Beach, the majority of 414 
the well established northwest European Callovian biomarkers were not recorded at 415 
Cilheta Beach. However, the range tops of Ctenidodinium continuum and Pareodinia 416 
prolongata are present (Table 2); these bioevents are known to be Late Callovian (Riley 417 
and Fenton, 1982; Herngreen et al., 1984; Berger, 1986; Kunz, 1990). The inception of 418 
Surculosphaeridium? vestitum, which is present at Cilheta (Table 2), is intra-Callovian 419 
(Riding, 1987; Prauss, 1989; Feist-Burkhardt and Wille, 1992). Typically, the range 420 
base of Surculosphaeridium? vestitum is of Middle-Late Callovian age (Coronatum and 421 
Athleta chronozones) (Woollam, 1980; Riding, 2005). Hence, this occurrence supports 422 
the Late Callovian age of the unit sampled at Cilheta. As mentioned previously, the 423 
chorate genus Systematophora, which was recorded throughout at Cilheta (Table 2), is 424 
normally typical of the Late Jurassic. 425 
 The low diversity nature of the Late Callovian dinoflagellate cyst associations 426 
from Cilheta Beach is probably largely due to palaeogeographical factors. This 427 
succession was deposited in a partially enclosed, relatively deep water basin seaward of 428 
reef limestone facies. The palaeoenvironment was interpreted as restricted offshore 429 
pelagic, possibly with stratified waters and sporadic upwelling by Rocha (1976). 430 
However, the palynofacies and benthic faunas are not typical of an organic-rich 431 
depositional setting. The restricted nature of the Algarve Basin during the Callovian 432 
probably prevented full mixing of dinoflagellates with areas further to the north in 433 
Europe. This at least partially explains the low-diversity assemblages. Typically boreal 434 
genera which have latitudinally-controlled northerly distributions such as Crussolia and 435 
Paragonyaulacysta are not present in the Cilheta Beach section. 436 
 437 
4.4. The Carrapateira outlier 438 
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 The Carrapateira outlier is located north of the main Algarve Basin, west of 439 
Carrapateira village and consists of basic volcanics, dolomites, limestones, marls and 440 
sandstones of Late Triassic to Late Jurassic age. The most complete exposures in the 441 
Carrapateira outlier, are the spectacular coastal outcrops of Upper Jurassic carbonates 442 
which have been partially dolomitised (Ramalho and Ribeiro, 1985). An Early 443 
Kimmeridgian age for this section has been invoked based on corals (Choffat, 1887; 444 
Geyer, 1956; Rosendhal, 1985) and foraminifera (Ramalho and Ribeiro, 1985; Ribeiro 445 
et al., 1987). 446 
 The lowermost part of the succession at Carrapateira consists of approximately 447 
150 m of intensely dolomitised limestones. By contrast, the uppermost strata comprise 448 
50 m of interbedded limestones and marls (Fig. 6). Because dolomites are typically 449 
devoid of palynomorphs, only the undolomitised uppermost beds were sampled herein. 450 
Thirty-eight samples largely from the marls were studied; seven of these (C1-C7) are 451 
from a prominent marl bed between 18 and 36 m above the base of the section (Fig. 6). 452 
 The organic residues from Carrapateira are abundant in wood fragments and 453 
various plant phytoclasts. Moderately well-preserved palynomorphs are also present, 454 
pollen and spores being more abundant than marine microplankton. The palynomorphs, 455 
especially the dinoflagellate cysts, have been affected by pyrite. The most persistent 456 
dinoflagellate cysts are Batiacasphaera spp., the Cribroperidinium globatum group, 457 
Ctenidodinium spp., the Ellipsoidictyum/Valensiella group, Gonyaulacysta jurassica 458 
subsp. jurassica, indeterminate chorate cysts, Mendicodinium groenlandicum, 459 
Sentusidinium spp., Systematophora areolata, Systematophora spp. and Tubotuberella 460 
dangeardii. Other taxa include Amphorula sp., Corculodinium inaffectum, Histiophora 461 
ornata, Hystrichosphaerina? orbifera, Korystocysta gochtii, Occisucysta balios, 462 
Pareodinia ceratophora, Rhynchodiniopsis spp., Scriniodinium inritibile, 463 
Systematophora penicillata and Valensiella ovulum (Table 3). The pollen-spore 464 
associations are of low diversity and include bisaccate pollen, Callialasporites spp., 465 
Classopollis classoides, Cyathidites spp., Ischyosporites variegatus, Leptolepidites spp. 466 
and Perinopollenites elatoides (Table 3). 467 
 The dinoflagellate cyst associations from Carrapateira are indicative of an Early 468 
Kimmeridgian age by comparison to other records from northwest Europe. The 469 
occurrences of Corculodinium inaffectum (sample C29), Gochteodinia sp. (sample C35) 470 
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and Occisucysta balios (sample C29) are all indicative of the Kimmeridgian Stage 471 
(Nøhr-Hansen, 1986; Riding, 1987; Riding and Thomas, 1988; Barron, 1989; Riding et 472 
al., 1999). Furthermore, species such as Cribroperidinium globatum, 473 
Hystrichosphaerina? orbifera, Scriniodinium inritibile and Systematophora penicillata 474 
are highly characteristic of the Kimmeridgian (Riding and Thomas, 1988). More 475 
specifically, the occurrences of Gonyaulacysta jurassica subsp. jurassica and 476 
Tubotuberella dangeardii throughout the productive part of the succession mean that 477 
this section is no younger than Early Kimmeridgian. The range tops of these forms are 478 
Early Kimmeridgian (Lam and Porter, 1977; Riding, 1987; Riding and Thomas, 1988; 479 
Barron, 1989; Jan du Chêne et al., 1999). Tubotuberella dangeardii is especially typical 480 
of the earliest Kimmeridgian (Baylei and Cymodoce chronozones) (Riding and Thomas, 481 
1988). The occurrences of Amphorula sp. (sample C35), Histiophora spp. (samples 482 
C49, C50) and Histiophora ornata (sample C35) are also highly significant. Amphorula 483 
and Histiophora are both typical of the Kimmeridgian and Tithonian of the Tethyan 484 
Realm. Amphorula ranges from the latest Oxfordian to the Berriasian (Monteil, 1990, 485 
tables 4, 5). Amphorula dodekovae has been recorded from the Late Oxfordian to 486 
Middle Tithonian of the North Atlantic and Europe (Zotto et al., 1987; Brenner, 1988; 487 
Dodekova, 1992; Feist-Burkhardt and Wille, 1992); this taxon is especially 488 
characteristic of the Kimmeridgian Stage. Dürr (1987; 1988) reported prominent 489 
Histiophora ornata from the Early Kimmeridgian Mutabilis Chronozone of southern 490 
Germany. Dodekova (1992, p. 42) stated that this species ranges from the Middle 491 
Kimmeridgian to Early Tithonian of Bulgaria. Hence the presence of Histiophora 492 
ornata in sample C35 is indicative of the Early Kimmeridgian by comparison with the 493 
German records. The Early Kimmeridgian age of the succession at Carrapateira based 494 
on corals and foraminifera is therefore confirmed by dinoflagellate cysts, specifically 495 
the co-occurrences of Histiophora ornata, Gonyaulacysta jurassica subsp. jurassica and 496 
Tubotuberella dangeardii. It is possible that some reworking from the 497 
Callovian/Oxfordian may be present due to the occurrences of Korystocysta spp. 498 
(Riding, 2005) (Table 3). 499 
 Mohr and Schmidt (1988) reported a poorly-preserved, low diversity Late 500 
Oxfordian-Early Kimmeridgian dinoflagellate cyst flora from the Lusitanian Basin, 501 
central Portugal. This is dominated by proximate/proximochorate forms with apical 502 
archaeopyles, i.e. Cassiculosphaeridia, Escharisphaeridia and Sentusidinium. 503 
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 Kimmeridgian dinoflagellate cyst assemblages from further north in Europe 504 
normally have markedly higher diversities (e.g. Ioannides et al., 1976; Dürr, 1988; 505 
Riding and Thomas, 1988) than these southern Portuguese floras. Closer to Portugal, 506 
van Erve et al. (1988) reported more diverse palynofloras from the Lower 507 
Kimmeridgian of eastern Spain. Some typically Early Kimmeridgian species such as 508 
Endoscrinium luridum and Glossodinium dimorphum were not observed at Carrapateira. 509 
The relatively low diversity nature of the Early Kimmeridgian dinoflagellate cyst floras 510 
from Carrapateira was probably largely controlled by palaeogeographical factors. The 511 
beds in the middle part of the succession were probably deposited in a relatively deep 512 
water, partially enclosed depocentre, whereas the lower and upper part of this section 513 
were deposited in shallow water settings represented by lagoon and reef carbonate 514 
facies. The partially enclosed nature of this part of the Algarve Basin during the Early 515 
Kimmeridgian appears to have prevented free mixing of the dinoflagellates with areas 516 
outwith southern Portugal. Typically boreal taxa which have latitudinally-controlled 517 
northerly distributions such as Gonyaulacysta dualis and Paragonyaulacysta capillosa 518 
(see Davies, 1983) are not present in the Carrapateira section. 519 
 520 
5. Overview of the Jurassic palynofloras of the Algarve Basin and the Carrapateira 521 
outlier 522 
 Palynomorph assemblages from the Lower, Middle and Upper Jurassic (Upper 523 
Pliensbachian-Lower Kimmeridgian) succession from the Algarve Basin and the 524 
Carrapateira outlier, southern Portugal were studied. The Upper Pliensbachian to Lower 525 
Toarcian strata of Armação Nova Bay proved extremely sparse palynologically, no 526 
dinoflagellate cysts were encountered. Dinoflagellate cysts were confined to the Upper 527 
Bajocian to Upper Callovian sedimentary rocks exposed at Mareta and Cilheta beaches 528 
and the Lower Kimmeridgian strata of the Carrapateira outlier. 529 
 At Mareta Beach, the Upper Bajocian and Bathonian produced low/moderate 530 
diversity assemblages dominated by Ctenidodinium and Korystocysta. In the Upper 531 
Bajocian, no stratigraphical markers were recorded. By contrast, in the Bathonian, 532 
several key bioevents confirm the age of the succession. The chorate species 533 
Systematophora areolata was, unusually, recorded from the Bathonian. The absence of 534 
Ctenidodinium combazii may have been due to palaeoecological factors and/or 535 
 18 
latitudinal control. The productive Callovian samples from this locality are largely from 536 
the Lower and Middle Callovian succession. The Ctenidodinium sellwoodii group 537 
proved prominent. Ctenidodinium ornatum, Endoscrinium asymmetricum, 538 
Impletosphaeridium varispinosum, Liesbergia liesbergensis and Wanaea acollaris are 539 
present and these species confirm the Callovian age of these strata. 540 
 Two marl units in the Upper Callovian of Cilheta yielded relatively abundant 541 
dinoflagellate cysts which are dominated by Ctenidodinium cornigerum and the 542 
Ctenidodinium sellwoodii group. The diversity is markedly lower than typical Late 543 
Callovian associations from further north in Europe. The occurrences of taxa such as 544 
Gonyaulacysta jurassica subsp. adecta and Meiourogonyaulax caytonensis, together 545 
with some key Late Callovian bioevents, are characteristic of the Callovian Stage. To 546 
summarise, the Upper Bajocian to Callovian strata at the Mareta and Cilheta beaches 547 
produced low diversity dinoflagellate cyst assemblages; many familiar marker forms 548 
from northwest Europe were not encountered. Furthermore, no typically Tethyan forms, 549 
or any latitudinally-controlled northerly (Arctic) forms were recovered throughout this 550 
succession. 551 
 The Carrapateira outlier includes spectacular outcrops of partially dolomitised 552 
Upper Jurassic (Early Kimmeridgian) carbonates which have yielded dinoflagellate cyst 553 
floras. These are indicative of an Early Kimmeridgian age due to the occurrences of key 554 
taxa such as Amphorula sp., Corculodinium inaffectum, Gonyaulacysta jurassica subsp. 555 
jurassica, Histiophora ornata, Hystrichosphaerina? orbifera, Occisucysta balios and 556 
Tubotuberella dangeardii. This confirms the dating of Early Kimmeridgian based on 557 
corals and foraminifera. Amphorula and Histiophora are both typical of the Upper 558 
Jurassic of the Tethyan Realm; no Arctic/boreal forms were observed. 559 
 560 
6. Conclusions 561 
 The dinoflagellate cyst assemblages from the Upper Bajocian, Bathonian and 562 
Callovian of Mareta and Cilheta beaches and the Lower Kimmeridgian of the 563 
Carrapateira outlier proved to be consistently significantly less diverse than coeval 564 
assemblages from northwest Europe. Many important, well-established marker forms 565 
were not encountered from southern Portugal. The relatively low diversity nature of 566 
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these dinoflagellate cyst floras was probably largely due to palaeogeographical factors. 567 
The Upper Bajocian to Callovian successions at Mareta and Cilheta beaches, and the 568 
middle part of the Lower Kimmeridgian section of the Carrapateira outlier were 569 
deposited in relatively deep water, partially enclosed depositional settings. 570 
 During the Bajocian to Callovian, this part of the Algarve Basin was located 571 
seaward of reef limestone facies within this enclosed basin. The depocentre is thus 572 
interpreted as a restricted offshore pelagic setting. Rocha (1976) suggested that there 573 
were intervals within the Bajocian to Callovian when the waters became stratified with 574 
sporadic upwelling of bottom waters. The benthic faunas and the palynofacies do not, 575 
however, support the occurrence of organic-rich sediments. Hence the partially enclosed 576 
nature of this part of the Algarve Basin and the Carrapateira outlier during the Late 577 
Bajocian to the Early Kimmeridgian appears to have prevented the free migration of 578 
dinoflagellates (and other planktonic groups) between southern Portugal and elsewhere 579 
in Europe and surrounding areas. This, at least partially, explains the low diversity 580 
assemblages of marine microplankton. No typically northerly (Arctic) or Tethyan taxa 581 
were recovered throughout this succession. Callovian dinoflagellate cyst assemblages 582 
were relatively uniform throughout the Northern Hemisphere (Riding et al., 1999), 583 
hence the principal reason for the relatively restricted floras in this part of the Algarve 584 
Basin appears to have been the enclosed nature of the depocentre at this time. 585 
 Despite the relatively low diversity palynofloras recovered, this study has helped 586 
to establish that Late Bajocian to Late Callovian dinoflagellate cyst associations do not 587 
exhibit significant biotal provincialism between southern and northern Europe. Coeval 588 
floras from North Africa and the Middle East, to the south and east respectively of 589 
Portugal also appear to lie within this relatively extensive Northern Hemisphere floral 590 
province (e.g. Conway, 1978; 1990; Thusu and Vigran, 1985; Thusu et al., 1988; 591 
Wheeler and Sarjeant, 1990; El Beialy and Ibrahim, 1997; El Beialy et al., 2002; 592 
Ibrahim et al., 2002; 2003). By contrast, there is a clear distinction between European 593 
and Arctic assemblages, with significant numbers of typically high latitude Middle 594 
Jurassic taxa being confined to the boreal realm (Smelror and Below, 1992; Riding et 595 
al., 1999). 596 
 The Lower Kimmeridgian of the Carrapateira outlier also produced relatively 597 
low diversity dinoflagellate cyst assemblages. Unsurprisingly no boreal forms were 598 
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observed; however some Tethyan elements such as Amphorula sp. and Histiophora 599 
ornata are present. The occurrence of typically Tethyan forms is consistent with 600 
significant provincialism between northern and southern Europe at this time (Riding and 601 
Ioannides, 1996; Abbink et al., 2001). 602 
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 840 
Appendix 1 841 
This Appendix lists all the palynomorph taxa below generic level which were 842 
recovered from the material studied herein with full author citations. The palynomorphs 843 
are listed alphabetically within their constituent groups. References to the dinoflagellate 844 
cyst author citations can be found in Fensome and Williams (2004). 845 
 846 
Dinoflagellate cysts: 847 
Adnatosphaeridium caulleryi (Deflandre 1939) Williams & Downie 1969 848 
Chytroeisphaeridia chytroeides (Sarjeant 1962) Downie & Sarjeant 1965 849 
Corculodinium inaffectum (Drugg 1978) Courtinat 2000 850 
Cribroperidinium globatum (Gitmez & Sarjeant 1972) Helenes 1984 851 
Ctenidodinium continuum Gocht 1970 852 
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Ctenidodinium cornigerum (Valensi 1953) Jan du Chêne et al. 1985 853 
Ctenidodinium ornatum (Eisenack 1935) Deflandre 1939 854 
Ctenidodinium sellwoodii (Sarjeant 1975) Stover & Evitt 1978 855 
Dapsilidinium? deflandrei (Valensi 1947) Lentin & Williams 1981 856 
Ellipsoidictyum cinctum Klement 1960 857 
Endoscrinium asymmetricum Riding 1987 858 
Epiplosphaera gochtii (Fensome 1979) Brenner 1988 859 
Fromea tornatilis (Drugg 1978) Lentin & Williams 1981 [listed as an acritarch in 860 
Fensome and Williams (2004, appendix A)] 861 
Gonyaulacysta jurassica (Deflandre 1939) Norris & Sarjeant 1965 subsp. adecta 862 
Sarjeant 1982 863 
Gonyaulacysta jurassica (Deflandre 1939) Norris & Sarjeant 1965 subsp. jurassica 864 
(autonym) 865 
Histiophora ornata Klement 1960 866 
Hystrichosphaerina? orbifera (Klement 1960) Stover & Evitt 1978 867 
Impletosphaeridium varispinosum (Sarjeant 1959) Islam 1993 868 
Korystocysta gochtii (Sarjeant 1976) Woollam 1983 869 
Korystocysta pachyderma (Deflandre 1939) Woollam 1983 870 
Liesbergia liesbergensis Berger 1986 871 
Meiourogonyaulax caytonensis (Sarjeant 1959) Sarjeant 1969 872 
Mendicodinium groenlandicum (Pocock & Sarjeant 1972) Davey 1979 873 
Occisucysta balios Gitmez 1970 874 
Pareodinia ceratophora Deflandre 1947 875 
Pareodinia halosa (Filatoff 1975) Prauss 1989 876 
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Pareodinia prolongata Sarjeant 1959 877 
Rhynchodiniopsis? regalis (Gocht 1970) Jan du Chêne et al. 1985 878 
Scriniodinium inritibile Riley in Fisher & Riley 1980 879 
Surculosphaeridium? vestitum (Deflandre 1939) Davey et al. 1966 880 
Systematophora areolata Klement 1960 881 
Systematophora penicillata (Ehrenberg 1843 ex Ehrenberg 1854) Sarjeant 1980 882 
Tubotuberella dangeardii (Sarjeant 1968) Stover & Evitt 1978 883 
Valensiella ovulum (Deflandre 1947) Eisenack 1963 884 
Wanaea acollaris Dodekova 1975 885 
 886 
Pteridophyte spores: 887 
Coronatispora valdensis (Couper 1958) Dettmann 1963 888 
Ischyosporites variegatus (Couper 1958) Schulz 1967 889 
Leptolepidites rotundus Tralau 1968 890 
Sestrosporites pseudoalveolatus (Couper 1958) Dettmann 1963 891 
Todisporites minor Couper 1958 892 
 893 
Gymnospermous pollen: 894 
Callialasporites dampieri (Balme 1957) Sukh Dev 1961 895 
Callialasporites minus (Tralau 1968) Guy 1971 896 
Callialasporites trilobatus (Balme 1957) Sukh Dev 1961 897 
Callialasporites turbatus (Balme 1957) Schulz 1967 898 
Classopollis classoides (Pflug 1953) Pocock & Jansonius 1961 899 
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Perinopollenites elatoides Couper 1958 900 
 901 
 902 
Appendix 2 903 
This Appendix alphabetically lists all the dinoflagellate cyst taxa below generic 904 
level mentioned in this contribution, but were not recovered from the material studied 905 
herein, with full author citations. References to the author citations can be found in 906 
Fensome and Williams (2004). 907 
Amphorula dodekovae Zotto et al. 1987 908 
Chytroeisphaeridia hyalina (Raynaud 1978) Lentin & Williams 1981 909 
Cribroperidinium crispum (Wetzel 1967) Fenton 1981 910 
Ctenidodinium combazii Dupin 1968 911 
Endoscrinium luridum (Deflandre 1939) Gocht 1970 912 
Evansia dalei (Smelror & Århus 1989) Below 1990 913 
Evansia perireticulata (Århus et al. 1989) Lentin & Williams 1993 914 
Glossodinium dimorphum Ioannides et al. 1976 915 
Gonyaulacysta dualis (Brideaux & Fisher 1976) Stover & Evitt 1978 916 
Jansonia manifesta Riding & Walton in Riding et al. 1991 917 
Lacrymodinium warrenii Albert et al. 1986 918 
Meiourogonyaulax reticulata Dodekova 1975 919 
Meiourogonyaulax valensii Sarjeant 1966 920 
Paragonyaulacysta calloviensis Johnson & Hills 1973 921 
Paragonyaulacysta capillosa (Brideaux & Fisher 1976) Stover & Evitt 1978 922 
Paragonyaulacysta retiphragmata Dörhöfer & Davies 1980 923 
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Phallocysta thomasii Smelror 1991 924 
Scriniodinium crystallinum (Deflandre 1939) Klement 1960 925 
Sirmiodinium grossii Alberti 1961 926 
Trichodinium scarburghense (Sarjeant 1964) Williams et al. 1993 927 
Valvaeodinium aquilonium (Dörhöfer & Davies 1980) Below 1987 928 
Valvaeodinium thereseae Smelror 1991 929 
Wanaea thysanota Woollam 1982 930 
 931 
 932 
Figure captions 933 
 934 
Fig. 1. The location and geology of the Algarve Basin and the Carrapateira outlier, 935 
illustrating the areas studied herein, and the geographical extents of the Western 936 
(Sagres), Budens-Lagoa and Eastern (Faro) subbasins (adapted from Manuppella, 937 
1992). 938 
 939 
Fig. 2. The left-hand panel depicts the geology of the Western (Sagres) Subbasin in the 940 
western part of the Algarve Basin including the locations of the successions studied at 941 
Armação Nova, Mareta Beach and Cilheta Beach (adapted from Manuppella and 942 
Perdigão, 1972). The geology of the Carrapateira outlier in the western part of the 943 
Algarve Basin is depicted in the right-hand panel (adapted from Feio et al., 1985). 944 
 945 
Fig. 3. Lithological log of the Upper Pliensbachian and Lower Toarcian section at 946 
Armação Nova modified from Rocha (1976) with sample positions. 947 
 948 
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Fig. 4. Lithological log of the Bajocian to ?Upper Oxfordian/Kimmeridgian section at 949 
Mareta Beach with sample positions. 950 
 951 
Fig. 5. Lithological log of the Upper Callovian to ?Upper Oxfordian/Kimmeridgian 952 
section at Cilheta Beach with sample positions (modified from Rocha, 1976). The key 953 
refers to Figs 3-6 inclusive. 954 
 955 
Fig. 6. Lithological log of the Lower Kimmeridgian section from the Carrapateira 956 
outlier with sample positions. 957 
 958 
 959 
Table captions 960 
 961 
Table 1. The overall palynomorph assemblages in the Upper Bajocian to Upper 962 
Callovian of the Mareta Beach section. The circle symbols represent semiquantitative 963 
groupings. There are five sizes of circle symbols; the diameters of the circles are 964 
proportional to the relative abundances of the respective palynomorphs. Listing these 965 
from small to large they are: VR = very rare (<1%); R = rare (1-15%); P = present (15-966 
50%); C = common (50-75%); Ab = abundant (>75%). A question mark (?) is 967 
indicative that the respective identifications are equivocal. 968 
 969 
Table 2. The overall palynomorph assemblages in the Upper Callovian of the Cilheta 970 
Beach section. The circle symbols represent semiquantitative groupings. There are four 971 
sizes of circle symbols; the diameters of the circles are proportional to the relative 972 
abundances of the respective palynomorphs. Listing these from small to large they are: 973 
R = rare (1-15%); P = present (15-50%); C = common (50-75%); Ab = abundant 974 
(>75%). A question mark (?) is indicative that the respective identifications are 975 
equivocal. 976 
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 977 
Table 3. The overall palynomorph assemblages in the Lower Kimmeridgian of the 978 
Carrapateira outlier section. The circle symbols represent semiquantitative groupings. 979 
There are four sizes of circle symbols; the diameters of the circles are proportional to 980 
the relative abundances of the respective palynomorphs. Listing these from small to 981 
large they are: R = rare (1-15%); P = present (15-50%); C = common (50-75%); Ab = 982 
abundant (>75%). A question mark (?) is indicative that the respective identifications 983 
are equivocal. 984 
 985 
 986 
Plate caption 987 
 988 
Plate 1. 989 
Selected dinoflagellate cysts from the Early Bathonian to the Middle Callovian 990 
(Coronatum Chronozone) of the Mareta Beach section, Algarve Basin and the Early 991 
Kimmeridgian of the Carrapateira outlier. All are specimens housed in the collections of 992 
the LGM/LNEG (Portugese Geological Survey), S. Mamede Infesta, Portugal. The 993 
sample, slide and England Finder coordinates are provided. 994 
 995 
1. Gonyaulacysta jurassica (Deflandre 1939) Norris & Sarjeant 1965 subsp adecta 996 
Sarjeant 1982. Mareta Beach section, Lower Callovian (Herveyi Chronozone), sample 997 
M27, slide 1, N47. 998 
2. Gonyaulacysta jurassica (Deflandre 1939) Norris & Sarjeant 1965 subsp. jurassica 999 
(autonym). Carrapateira outlier, Early Kimmeridgian, sample C47, slide 1, R12/4. 1000 
3. Pareodinia ceratophora Deflandre 1947. Mareta Beach section, Lower Callovian 1001 
(Herveyi Chronozone), sample M28, slide 1, L38/2. 1002 
4. Tubotuberella dangeardii (Sarjeant 1968) Stover & Evitt 1978. Mareta Beach 1003 
section, Middle Callovian (Coronatum Chronozone), sample M45, slide 1, P18. 1004 
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5. Ctenidodinium sellwoodii (Sarjeant 1975) Stover & Evitt 1978. Mareta Beach 1005 
section, Early Bathonian, sample M2, slide 2, W53. 1006 
6. Ctenidodinium cornigerum (Valensi 1947) Jan du Chêne et al. 1985. Mareta Beach 1007 
section, Lower Callovian (Herveyi Chronozone), sample M25, slide 1, N3. 1008 
7. Ctenidodinium sp. Carrapateira outlier, Early Kimmeridgian, sample C12, slide 1, 1009 
G34/4. 1010 
8. Histiophora cf. ornata Klement 1960. Carrapateira outlier, Early Kimmeridgian, 1011 
sample C35, slide 1, R36. 1012 
9. Korystocysta gochtii (Sarjeant 1976) Woollam 1983. Mareta Beach section, Lower 1013 
Callovian (Herveyi Chronozone), sample M28, slide 1, M63. 1014 
10. Meiourogonyaulax caytonensis (Sarjeant 1959) Sarjeant 1969. Mareta Beach 1015 
section, Early Bathonian, sample M3, slide 1, O18/3. 1016 
11. Mendicodinium groenlandicum (Pocock & Sarjeant 1972) Davey 1979. Mareta 1017 
Beach section, Lower Callovian (Herveyi Chronozone), sample M27, slide 2, Q30/1. 1018 
12. Systematophora cf. areolata Klement 1960. Carrapateira outlier, Early 1019 
Kimmeridgian, sample C4, slide 1, U36. 1020 
13. Valensiella cf. ovulum (Deflandre 1947) Eisenack 1963. Mareta Beach section, 1021 
Early Bathonian, sample M3, slide 2, V30/2. 1022 
 1023 
